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Description 

Field of the Invention 

5 [0001] This invention relates to a method of manufacturing coated paper and papefftooard whereby multiple layers 
of coating liquid are applied simultaneously to a rapidly moving, continuous web of paper or paperboard substrate by 
curtain coating. More specifically, the present invention relates to a method of manufacturing multi-layer pigment coated 
paper and paperboard such that the coated surface gives superior suitability for printing than multi-coated papers and 
paperboards produced using sequential applications of single layers of coating applledl by single-layer curtain coating 

10 or single-layer conventional blade, bar (rod) or roll type application methods. In addition, the present invention relates 
to a method of manufacturing multi-layer coated paper and paperboard for applications wherein functional coatings or 
additives, whether pigmented or non-pigmented. constitute one or more of the coating layers. Furthermore the present 
invention relates to the coated paper or paperboard obtainable by the processes of tte present invention. 

^5 Prior Art: 



[0002] - The curtain coating method for the simultaneous coating of multiple layers is well known and Is described in 
U.S. Pat. Nos. 3,508,947 and 3,632,374 for applying photographic compositions to paper and plastic wet). But photo- 
graphic solutions or emulsions have a low viscosity, a low solid content and are appli^ at low coating speeds. 
[0003] In the manufacturing of printing paper usually pigmented coating connpositions having a consi<*erably higher 
solid content and viscosity compared to photographic solutions or emulsions are applied for example by blade lypa, 
bar type or reverse-roll type coating methods at high line speeds of above 1000 nrt/mftn. Any or all of these methods 
are commonly employed to sequentially apply pigmented coatings to the moving paper or paperboard surface. 
[0004] However, each of these application methods Inherently carries with them their own set of problems that can 
result in an inferior coated surface quality. In the case of the blade type coating method, fhe lodgment of particles under 
the blade can result in streaks in the coating layer, which lowers the quality of the coated paper or paperboard. In 
addition, the high pressure that must be applied to the blade to achieve the desired co^ng weight places a very large 
stress on the substrate and can result In the breakage of the substrate web. resulting irB lowered production efficiency. 
Moreover, since the pigmented coatings are highly abrasive, the blade must be replaced regularly in ordar to maintciin 
the evenness of the coated surface. Also, the distribution of the coating on the surface of the paper c«r paperboard 
substrate Is affected by the surface irregularities of the substrate. An uneven distribution of coating acrG>ss the paper 
or paperboard surface can result in a dappled or mottled surface appearance that can lead to an inferior pffinting result. 
[0005] The bar (rod) type coating method has a limitation of solids content and viscosity of the pigmented coat'ng 
color that Is to be applied. Pigmented coatings applied by the bar type coating method are typically lower in solids 
content and viscosity than are pigmented coating colors applied by the blade type method. According^, for the bar. 
type coating method it is not possible to freely change the amount of coating that can be applied to the surface of the 
paper or paperboard substrate. Undesirable reductions in the quality of the surface of tbe coated paper oir paperboard 
can result when the parameters of coating solids content, viscosity and coatweight are imfcalanced. Moreover, abrasion 
of the bar by the pigmented coatings requires that the bar be replaced at regular inten/als in order to fmaintain the 
evenness of the coated surface. 

[0006] The roll type coating method is a particularly complex process of applying pigimented coatings tto paper and 
papertDoard in that there is a narrow range of operating conditions related to substrate susfece characterislics, substrate 
porosity, coating solids content and coating viscosity that must be observed for each ope{rating speed and? (each desired 
coatweight to be achieved. An imbalance between these variables can lead to an urueven film-split pattern on the 
surface of the coated paper, which can lead to an Inferior printing result, or the expulsion of small droplets of coating 
as the sheet exits the coating nip. These droplets, If re-deposited on the sheet surface, can lead to an inferior printing 
result. Moreover, the maximum amount of coating that can be applied to a paper or p^erboard surface in one pass 
using the roll type coating method is typically less than that which can be applied in one pass by the blacfle or bar type 
coating methods. This coating weight limitation Is especially pronounced at high coating speeds. 
Furthermore, all these methods have in common, that the amount of coating liquid applied to a paper web«9iat generally 
has an irregular su rface with hills and valleys is different whether applied to a hill or a valley. Therefore ooa@ng thickness 
and thus ink reception properties will vary across the surface of the coated paper resultir*g in irregularities tin the printed 
image. Despite their drawbacks these coating methods are still the dominant processcss in the paper intflustry due to 
their economics especially because very high line speeds can be achieved. 

[0007] The Japanese patent applications JP-94-89437, JP-93-311931, JP-93-177816, JP-93-1!l31718, JP- 
92-298683, JP-92-51 933. JP-91 -298229. JP-90.21 7327. and JP-8-31 011 0 and EP-A 5117 223 disclose tine use of cur- 
tain coating methods to apply one or more pigmented coating layers to a moving paper surface. More;spEeclflcally, the 
prior art relates to: 
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(i) The curtain coating method being used to apply a single layer of pignnented coating to a basepaper substrate 
to produce a single-layer-pigmented coating of paper. 

(ii) The curtain coating method being used to apply a single priming layer of pigmented coating to a basepaper 
substrate prior to the application of a single layer of pigmented topcoat applied by a blade type coating process. 

5 Thus a multi-layer-pigmented coating of paper was achieved by sequential applications of pigmented coating. 

(ill) The curtain coating method being used to apply a single topcoailng layer of pigmented coating to a basepaper 
substrate that has previously been primed with a single layer of pigmented precoat that was applied by a blade or 
a metering roll type coating process. Thus a multi-layer-pigmented coating of paper was achieved by sequential 
applications of pigmented coating. 

10 (Iv) The curtain coating method being used to apply two single layers of specialised pigmented coating to a base- 

paper substrate such that the single layers were applied in consecutive processes. Thus a multi-layer-pigmented 
coating of paper was achieved by sequential applications of pigmemted coating. 

[0008] The use of a curtain coating method to apply a single layer of pigmented coating to the surface of a moving 
15 web of paper, as disclosed in the above discussed prior art, is stated to offer the opportunity to produce a superior 
quality coated paper surface compared to that coated by conventional means. However, the sequer^iial application of 
single layers of pigmented coating using curtain coating techniques is constrained by the dynamics of the curtain 
coating process. Specifically, lightweight coating applications can only be made at coating speeds belcw those currently 
employed by conventional coating processes because at high coating speeds the curtain becomes, unstable and an 
20 inferior coated surface results. Alternatively, the application of heavier csoating weights can provide greater stability to 
the curtain and enable faster operating speeds. However, the total weight of coating that must be Cf^plled in order to 
achieve curtain stability at high speed is usuedly greater than that which is currently applied by conventional multi-layer 
coating processes. This is unacceptable from a coated paper quality perspective and fronri a coatir*--* economics per- 
spective. Hence the conventional methods of producing multi-coated papers and paperboards employ the blade, rod 
25 or roll metering processes. However, application of consecutive single layers of pigmented coatincji to paper or pa- 
perboard at successive coating stations, whether by any of the above coating methods, remains £v capital-intensive 
process due to the number of coating stations required, the amount of ancillary hardware required, e.g., drive units, 
dryers, etc., and the space that is required to house the machinery. 

[0009] Coated papers and paperboards that have received a coating that contains an additive designed to impart 
30 functional properties, such as barrier propert:ies, optical properties e.g., color, brightness, opacity, gloss etc., release 
properties, adhesive properties and the like, are here described as fumc^ionat products and their coatings may be 
referred to as functional coatings. The coating components that impart these properties may also je referred to as 
functional additives. Functional products include such types as self adhesive papers, stanrp papers, w.TiUpapers, silicone 
release papers, food packagings, grease-proof papers, moisture resistaffit papers, saturated tape backing papers, and 
35 the like. 

[001 0] In addition to photographic applications simultaneous application of multiple coatings by cu«-tain coating meth- 
ods Is known from the art of making pressure sensitive copying paper. For example U.S. Patent No. 4,230;743 discloses 
in one embodiment simultaneous application of a base coating comprising microcapsules as main component and a 
second layer comprising a color developer as a main component ont© a traveHing web. But it is reported that the 
resulting paper has the same characteristics as the paper made by seqiaential application of the layers. Moreover, the 
coating composition containing the color developer is described as having a viscosity between 1 0 and 20 cps at 22*^0. 
[0011] JP-A-1 0-32861 3 discloses the simultaneous application of two coating layers onto a paper web by curtain 
coating to make an Inkjet paper. The coating compositions applied according to the teaching of that reference are 
aqueous solutions with an extremely low solid content of about 8 percenil by weight. Furthefmore a thickener is added 

45 In order to obtain non-Newtonian behavior of the coating solutions. The examples in J P-A-1 0-328613 reveal that ac- 
ceptable coating quality is only achieved at line speeds below 400m/HTiin. The low operation speed of the coating 
process is not suitable for an economic production of printing paper especially commodity printing paper. 
[001 2] Although some Improvements could be achieved by sequential coating steps using conventional coating tech- 
niques and/or curtain coating methods as discussed above, there is still a desire for further improvements with respect 

50 to printing quality of the resulting coated paper or paperboard and ecomomics of the coating process. 

[0013] Thus the object of the present Invention Is to provide a methoai for coating paper or paperboard, especially 
printing paper, resulting in improved quality of the coated product, that can be economicaily run at high line speeds 



55 



SUMMARY OF THE INVENTION 



[0014] This object has been attained by a method of manufacturing nrmjiti-layer coated papers and paperboards. but 
excluding photographic papers and pressure sensitive copying papers, that are especially suitable for printing, pack- 
aging and labeling purposes, in which at least two coating liquids selected from aqueous emulsions or suspensions 
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are formed into a composite, free-falling curtain and a continuous web of basepaper or baseboard is coated with the 
composite coating liquid. i-oaiea wiin ine 

[0015] Preferably at least one the coating liquids comprises a binder. 

[0016] The term "excluding photographic papers and pressure sensitive copying papers" should be interoreted in 

and m^??h T" 1°' r '"^ "^"^ '"^^ P"^^"^^ °' *^ inventL'comprlses sHverSJ^Sunds 

and that the coating liquids do not contain a combination of a micracapsuled color former and a color deeper in a 
single coating liquid or In different coating liquids forming subsequent coating layers eveioper in a 

by a method according to present invention. » y«= auuiainaoie 

llTn /^tl t "T ^T^^"'^"' delivering multiple streams of coating liquid to fomi a continuous, muSS 

the nlSTf f ^ ^ ^" ""P""^'"^ '^^'^ '^'"9 «=an be employed tn 

the practice of the present invention. piwycu m 

« DESCRIPTION OF PREFERRED EIWBODIMEI»ITS 

[001 9] In the following the term paper also era»mpasses paperboard 

'° ^ P'^'^^^.^ embodiment or (rte present invention at least one ot the coating liquids fomiing the 

composrtefreefallingcurtain^pigmenled. Preferably inrnakingapaperforprintlngpuiposesalleitSvoofthecSa 
layers are p.grnented. Additionally a top layer for hiproving surface properties Ske atoss or smoothne^ tharfe not 

rsrthirrpi^o:^^^^^^^^ 

Lm! lit J^^ ^'^^^"l inventors have surprisingly disoovered that the multi-layer coated paper or paperboard that has 
at least two layers of pigmented coating applied simultaneously to the surface has superior co^edsurfS printinq 

f««oL-, V. ' °' «'"9'®-'«y®^ curtain coating mtthods as taught in the prior art discussed above 

tJJn^ The pigments useful in the process of tHe present are selected from clay, kaolin, talc, calcium carbonate 

titanium dioxide, satin whrte. synthetic polymer pigment, zinc oxide, barium sulphate, qvpsum. silica, alumina trihydra e 

so rpartS^rr '^"'"'"''^""*^'^^ 

ninf?n. H^^Tr^ to a particularly preferred embpdimena the coating liquid fbmiing ti,e uppermost layer comprises a 
gloss ngfomnulation This .s especially useful in*,? present invention because the curtain coating generXTesul^ in 
l^lTn '^^'"'^T'^ P™^''^^^ fibre coverage but low gloss. The novel combination of glossing "32" ^nd 
35 gloss P'^^'^^^'y advantages of cSrtain coat^g wtth good 

[0024] The glossing fomiulations useful in the present invention comprise gloss additives, such as synthetic polymer 
pigments producedby polymerization of styrene.aprylonitrtleand/oracnrlicmonomers.The;yn^^ 
have a glass transition temperature of 40 - 200- C, more preferably 50 - 130- C and particle size of o np 1 n ?? 

1 00 weight- /o. Another type of glossing fomnulatioh comprises gloss vamisl,es. such as those based on epoxvacr- 
ylates, polyester, polyesteracrylates. polyurethanes. polyetheracrylates. oleoresins. nitrocellulose. poVam°3e^nT^- 
polymers and vanous forms of polyacrylates. Hoiyamiae.vinyi co- 

.^j""^''! "^^"H P'^""**^ *® P*®^^"^ invention are selected from styrene-butadiene latex stvrene- 
acrylate latex, styrene-butadiene-acrylonitrile latex, styrene-maleic anhydride latex, styrene-acrylate-m Jete anhTdrWe 

^LT'T^TV'"'^'''"' Py^°«^°"«- P°'y-'"y' polyvinyl letate. ceMuiose a^^ 3ose 

denvat ves . Examples for polysaccharides are starch, caitooxymethybted starch, agar and sodium alginate E^amD^es 

oST HH-r".' ".r"?'^ inventlon'are albumin, soy proteTand cas^n 

[0026 In addition to the above material, if necessary, one or more additives such as a dispersant. a lubricant a wSer 

[0027] Contrary to art of photographic papers or pressure sensitive copying papers the method of the present inven 
coatiTg^spLT '"""^ "^'^'^'"'^ " ^^"^^ - '-'^^ contenr^en Th^h 

55 '° ^ P'^*^''^^ embodiment of the present invention the viscosity of the coating liquid fomiing 

tlfZT ^° ^^"^^ "•■^'^^'■^ '^"S^ <^ to 2000 CPS at 250C more 

preferred from 200 cps to 1 000 cps at 25"'C. ' 

S«h?J K ^"^"T?^ the viscosity of the coating liqiuid fomimg the layer contacting the basepaper or baseboard is pref- 
erably higher than 200 cps at 25oC. An especiaJly prefeired range for the viscosity of the coating liquid forming Se 
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layer contacting the basepaper or baseboard Is from 230 cps to 2000 ops at 25°C 

[0030] The solids content of the coating liquids to be applied according to the present invention can range from 20 
to 75 wt-% based on the total weight of the coating liquid. According to a pretended embodiment the solid content of at 
least one of the coating liquids fomiing the composite free falling curtain is higher than 60 wt-7o based on the total 
weight of the coating liquid. 

[0031] A particular advantage of the present invention is. that by the simultaneous application of at least two coating 
layers by curtain coating very thin, layers or in other words very low coating weights of the respective layers can be 
obtained even at very high application speeds. Therefore the coating weight based on the dry coating of the uppemiost 
layer can be from 0.1 to 30 g/m2, more preferred 0.5 to 30 g/m^. and the coating weight based on the dry coating of 
the layer contacting the basepaper or baseboard can be from 0.1 to 30 g/m2, more preferred 0.5 to 30 g/m^. 
[0032] In a particularly pretended -embodiment of the present invention the coating weight based on the dry coating 
of the uppermost layer Is lower than the coating, weight based on the dry coating of the layer contacting the basepaper 
or baseboard. Preferably the coating weight based on the dry coating of the uppermost layer is less than 75% more 
prefen^ed less than 50% of the coating weight based on the dry coating of the layer contacting the basepaper or base- 
board. Thereby a greater coating raw material efficiencies In the paper and paperboard coating operations is achieved 
Unlike conventional coating processes, the simultaneous multilayer coating method of the present Invention allows the 
use of much larger quantities of raw materials under an extremely thin top layer of more expensive raw materials 
without compromising the quality of the finished coated product. 

[0033] According to another embodiment of the present invention at least one of the coating layers imparts function- 
ality selected from priatability, barrier properties, optical properties e.g.. color, brightness, opacity, gloss, etc release 
properties, adhesive properties and the like. Thereby a method of manufacturing a multi-layer coated paper or paper- 
board, that has at least two layers of coating applied simultaneously to the surface whereby one or more of the simul- 
taneously applied coating layers i^^a functiooal coating, e.g., a bamer layer, a colored layer, an opacifying layer an 
adhesive layer or the like, or one or more oif the layers contains an additive to impart such functionality. Functional 
coatings that are very tacky In character would not nomially be coated by conventional consecutive coating processes 
because of the tendency of the coating material to adhere the substrate to guiding rolls or other coating equipment 
The simultaneous multi layer method, on the other hand, will allow such functional coatings to be placed underneath 
a topcoat that shields the functional coating from contact with the coating machinery. 

[0034] The functional coating liquids used Ih the present invention are characterized In that they contain at least one 
component that Imparts functlonaiity as defined above and have a solids content of up to 75% by weight, preferably 
from 20% to 75% by weight based pn the total weight of the coating liquid and a viscosity of up to 3.000 cps preferably 
50 to 2.000 cps at 25°C. Moreover, the coated, papers or paperboards produced by this method are characterized in 
that the top layer of applied coating has a dry weight of between 0.1 g,'m2 and 30 g/m2. more preferred 0 5 to 30 g/m2 
and the under layers of coating have dry weights between 0.1 g/rr^ and 30 g/m2, more preferred 0.5 to 30 g/m2. 
[00351 Also in the coating liquids fomning the functional coatings of the present invention, a polymer of ethylene 
acrylic acid, a polyethylene, a polyurethane. a polyester, other polyolefins and the like, an adhesive such as a styrene 
butadiene latex, a styrene acryl ate latex, a starch, a protein, or the like, a sizing agent such as a starch a styrene- 
acrylic co-polymer, a styrene-maleic anhydride, a polyvinyl ateohol, a polyvinyl acetate, a carboxymethyl cellulose or 
the like, a barrier such as sllfcone. a wax or the like are used. The functional coating may include, but is not limited to 
include, a pigment or additive as previously described for a pigr^ented coating. 

[0036] A pronounced advantage of the present Invention irrespective of which embodiment is used Is that the process 
of the present Invention can be run at very high coating speeds that hitherto in the production of printing paper could 
only be achieved using blade, bar or roll application methods. Usual line speeds In the process of the invention are 
above 400 m/min, preferably. In a range of 600 - 320O m/min. especially, from 800 to 2500 m/mln. 
[0037] One critical requirement for successful curtain coating at high speeds Is that the kinetic energy of the falling 
curtain impacting the moving web be sufficiently high enough to displace the boundary layer air and wet the web to 
avoid air entralnment defects. This can be accomplished by raising the height of the curtain and/or by increasing the 
density of the coating. Hence, high speed curtain coating of low-density coatings such as a functional or glossing 
coating containing synthette polymer pigment for Improved gloss is difficult due to the lower kinetfe energy and due to 
the fact that increasing the height of the curtain is limited by the difficulty of maintaining a stable uniform curtain. Low 
density coatings can be applied at high coating speeds with a curtain coating through the use of simultaneous multilayer 
coating in which a high denslty carrier layer Is used in combination with the low-density layer to achieve sufficiently 
high kinetic energy to avoid air entralnment. In addition simultaneous multilayer curtain coating allows the use of coating 
layers specifically designed to promote wetting of the substrate or to promote leveling of high solids coatings to further 
Increase the high-speed operational coating window for paper and paperboard. 

[0038] A further advantage of the present Invention is, that a method of manufacturing a multi-coated paper or pa- 
perboard is provided that does not require the same level of high capital investment, the same amount of ancillary 
hardware or the same amount of space as is currently required by conventional multi-layer coating methods such as 
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blade, bar, and roll processes. 

BRIEF DESCRIPTION OF DRAWINGS 

[0039] 



.« f T cross-sectional view of a curtain coating unit 1 with a slide nozzle arrangement 2 for 
del venng multiple streams 3 of coating liquid to form a continuous, multi-layer curtain 4 When a t^n^lc^^ul 
Itonurn state .s reached, the flow amount of the coating liquids flowing into the slide nozTJrZementlTs 
cZn ? ' '"'f °' '^"^ nozzle arrangement. The f'^SnTIftMayer 

STrTol th ' '"to contact with web 5 which Is running continuously and thus the web 5 is coated wim muS 

I^rr'"''"'^ ""^^ °' ^^'^ 5 «^^^«"9«d immediately before the 

coating area by means of a roller 6 to minimize the effect of air flow accompanying the fast moving web 5 

[0040] The present im/ention will now be explained In more detail with reference to the examples. 
EXAMPLES: 

S^Je^'i oti^^ri^Zate^^^ ''^^""^^ ^" Pe-ntages and parts are based on weight 

• fro^pcrsrci^^^^^^^^^ 

• f?:m plul^taS" l^^tZ:^''''''^'^ '^'^ ^^'^"^'^ ^'^^ -^^"^ 9° mailable 

• Clay A: dispersion of No, 2.high brightness kaolin clay with particle size of 80% < 2 urn In water fSP*' 

from Imerys, St. Austell. England), 66.5% solids. ^ ^ jun in water (SP^ a.«.,.«u« 

• Clay B: dispersion of No. 1 high brightness kaolin clay with particle size of 98% < 2 urn in water fHvdraoln« on 
available from J.M Huber Corp.. Have de Grace, Maryland. USA). 71% solids ^ * ^ "^^"^ (Hydragloss 90 

• Synthetic polymer pigment: dispersion of polystyrene with particle size 0.26 urn (DPP 71 1 available from Th^ nnu„ 
Chemical Company. Midland. Michigan. USA). 62% solids in water. »^ t"*'^' available from The Dow 

• In^wat^. styrerie-butadiene latex (DL 950 available from The Dow Chemical Company), 50% solids 

' \:tj;. rsC'tScoT""'"*'"''" ^""^ -«'^- 

I n ^^rf"^-^^'y'^t^ 94329.04 available from The Dow Chemical Company). 48% solids in water 

In water: styrene-butadiene la.« (DL 966 available from The Dow Chemical Company), 50% sohds 

• 6;^?ii;;Sefrss^^^ 

• lZJ:^y7sT7^^:u^' di-alkyteulphosuccinate (AerosoKB> OT available from Cyanamid. Wayne. 

• BayLT:G.TrrlnT^^^ 

irdfcon^e^of t^LtZro^r ^^'"^ ^^^^ 

[0043] The above ingredients were mixed in the amounts given in Tables 1 and 2 respectively to obtain unrt«,«,=t 
compositions (Fomiulations 1 to 6) and topcoat oompositions (Fomiulations 7 to 12). respSLely 
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Table 1: Undercoat Formulations 
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Formul at ion 


1 


2 


3 


4 


5 


6 




rdrtS 


Ddsed 


on 


dry 


weight 




CaCO, 60 


xuu 


en 


100 








Cam, Qn 




Jb 






100 


70 


Clay A 




15 








30 


Latex A 


10 


10 


10 




10 


10 


Latex B 








100 






PVOH 


1.2 


0.3 


1.0 


1.0 


1.0 




Surfactant 


0.5 


0.4 


0.4 


0.8 


0.4 


0.4 


Whitener 






1.5 




1.5 




Solids Content (*) 


72.7 


68.7 


71.1 


49.2 


69.7 


61.7 


Viscosity (cps) 


360 


390 


230 


350 


360 


260 


PH 


8.5 


8.5 


8.5 


8.5 


8.5 


8.5 


able 2: Topcoat Formulations 




Formulation 


7 


8 


9 


10 


1 


12 




Parts 


Based 


on 


dry 


weight 






CaCOa 60 




50 










CaCO^ 90 


70 


35 


30 


100 




70 


Clay A 


30 


15 








30 


Clay B 






70 








Synthetic Polymer 
Pigment 










100 




Latex A 


10 


10 








10 


Latex B. 














Latex C 






11 








Latex D 








10 


26 




PVOH 


0.3 


0.3 


0.7 


1.0 


1.0 


0.4 


Surfactant 


0.4 


0.4 


0.4 


0.4 


0.8 


0.4 


Whitener 






1.5 


1.5 






Solids Content (*) 


67.3 


68.7 


69.1 


57.9 


51.2 


66.6 


Viscosity (cps) 


670 


390 


500 


620 


210 


990 


pH 


8.5 


8.5 


8.5 


8.5 


8.5 


8.5 
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[0044] The viscosities of Formulations 1 to 12 were determined as follows: 
Brookfield Viscosity 

[0045] The Brookfield viscosity was measured using a Brookfield RVT viscometer (available from Brookfield Enqi- 
neering Laboratories, Inc., Stoughton, Massachusetts. USA) at 23°C. For measuring, 600 ml of the cfiispereion are 
poured into a 1000 ml beaker and the viscosity is measured at a spindle speed of 100 rpm. 

[0046] The undercoat and topcoat formulations were coated onto paper according to the procedures described in 
the following examples. The properties of the coated papers were evaluated according to the following tesa procedures- 
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Paper Gloss 



[0047] Paper gloss is measured using a Zehntner ZLR-1 050 Instrument at an incident angle of 7S». 
Ink Gloss 

[00481 The test is earned out on a Pmefbau Test Printing unit with Lorrilleux Red Ink No. 8588. An amount of 0 8 a/ 
m (or 1 .6 g/m2 respectively) of ink Is applied to coated paper test strips mounted on a long rubber-backed pfailen with 
a steel pnnting disk. The pressure of the ink application is 1 ,000 N and the speed is 1 m/s. The printed strips are dried 
for 12 hours at 20"C at 55 % minimum room humidity. The gloss is then measured on a Zehntner ZLR-1 050 inssirument 
at an incident angle of 75°. insirumeni 

Dry Pick Resistance (IGT) 

[0049] The test measures the ability of the paper surface to accept the transfer of ink without pickinq The Itest wa- 
carried out on a A2 type printability tester, commercially available from IGT Reprotest BV. Coated paper striiw (4 mm 
X 22 mm) are printed with inked aluminum disks at a printing pressure of 36 N with the pendulum dnvTsysterWandThe 
high vis«K,sity test oil (red) from Reprotest BV. After the printing is completed, tt,e distance where the coatilLTi ns 
to show damages is marked under a stereomicroscope. The marked distance is then trar^ferred into the IGTve^t^ 
dl7ptek *^ fro"- *e corresponding drive curve. High velocilies mean high resfsSance to 

Ink Piling 

25 [0050] Ink piling is tested on a Pruefbau printability tester. Paper strips are printed wMi ink commercially a^allab'e 

underthe tradename HuberWegschlagfarbeNo.520068.Astarting amount Of 500mm3 is appliedto an Ink Lwb^^^^^ 
rolLT^ stee pnnting disk is Inked to achieve an ink volume of 60 mm^. A coated paper sWp is mounted on a^^" 
backed platen and printed with the inked steel disk at a speed of 1 .5 m/s and a printing pressure of 800 N A^r 
10-second delay time, the paper strip is re-printed using a vulcanised rubber printing disk also containing 60 .mm3 of 
ink and at a printing pressure of SCO N. This procedure is repeated until the surface of the coated paper sfclohaJ 

sSh °^ ''""""^ ^^^^^^ '^''"^'^ *° "^^"""^ """^'^ " « of the-surtace 
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Ink Mottling 



?K ♦ '® *° P*^"' irregularity. Paper strips are printed on the Pruefbau Test Prinliinq unit 

with test ink commercially available under the trade designation Huber Wegschlagfatbe No 520068. First a vodume 
250 mm3 ink is applied with a steel roll. Then three passes using a vulcanized mbber roll follow and In each^th^s-^ 
three passes an additional volume of 30 mm3 of ink Is applied. For evaluation of the mottlingthe strip is digitally amahSe 
using the MotMing Viewer Software from Only Solutions GmbH. First the strip is scanned and the scanVconJS!S to 
a gray scale. Then the deviation in gray scale intensity is measured at seven different resolutions with a width .of O 17 
mm. 0.34 mm 0.67 mm. 1 .34mm. 2.54 mm. 5.1 mm and 1 0.2 mm. From these measurements a motMe value m\f) 1= 
calculated. The result shows the print irregularity. A higher number in the result means a Higher irregularity 



^5 Paper Ftoughness 



[0052] The roughness of the coated paper surface is measured with a Parker PrintSurf roughness tester A samole 
T^l I J^^ ""^^^^ ^ cork-melinex platen and a measuring head at a clamping pressure S 

1 H ^J-J='°"'P'^^^^'^ s"PP»ecl to the instrument at 400 kPa and the leakage of air between the measuring 
head and the coated paper surface is measured. A higher number in the result Indicates a higher degree of rouohness 
of the coated paper surface. a i uugnness 



Cobb Value 



[0053] This test measures the water absorptiveness of paper and is conducted in accordance to the test procedure 
defined by the Technical Association of the Pulp and Paper Industry (T - 441). A pre-conditioned and pre-wceiahed 
sample of paper measuring 12.5 cm x 12.5 cm is clamped between a rubber mat and a circular metal ring The meS 
nng is designed such that it circumscribes an area of 100 cm^ on the paper sample surface. A ICO-mlllilitre vota,^ o 
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de-ionised water is poured into the ring and the paper surface allowed to absorb the water for a desired period of time 
At the end of the time period the excess water is poured off. the paper sample removed, blotted and re-weighed The 
amount of absorbed water is calculated and expressed as grams of water per square meter of paper. A higher number 
indicates a higher propensity for water absorption. 

Coatweight 

[0054] The coatweight achieved in each paper coating experiment was calculated from the known volumetric flow 
rate of the pump delivering the coating to the curtain coating head, the speed at which the continuous web of paper 
was moving under the curtain coating head, the density of the coating liquid, and the width of the continuous web of 
paper being coated. 



15 



Coating Density 

[0055] The density of the coating liquid was detennined by weighing a 100-millilitre sample of the coatina 
knometer. ^ 
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Comparative Examples 1 and 2 and Example 1 : 

[0056] To compare simultaneous multi-layer curtain coating versus single-layer curtain coating, woodfree basepaper 
was coated in three experiments in which the same total coatweight was applied in each of three ways viz consecutive 
single-layer coatings, simultaneous multi-layer coating, and one single-layer coating application. 

Comparative Example 1 : 

[0057] Undercoat Fomiulation 1 was applied to the topside of a moving, continuous web of woodfree basepaper to 
achieve a coatweight of 10 ± 0.2 g/m2. The basepaper web was moving at 900 mMiin. After drying, the undercoated 
paper was topcoated with topcoat Fomnulation 7 to achieve a topcoat weight of 1 0 ± 0.2 g/m2. also at SOO mMiin The 
topcoat was dried in a similar manner as the undercoat. 

Example 1 : 

[00581 The same undercoat and topcoat fomiulations used in Comparative Example 1 were then applied simultane- 
ously to the topside of the woodfree basepaper such that each coating layer achieved a coatweight or 1 0 ± 0 2 g/m2 
Coating speed was 900 m/min and drying was achieved using similar conditions as in Comparative Example 1 . 

Comparative Example 2: 

[0059] Topcoat Fomnulation 7 was applied in a single layer application to the topside of the woodfree basepaper to 
achieve a coatweight of 20 ± 0.2 g/m2. Coating speed was 900 nVmin arMj drying was achieved using similar drvlnq 
conditions used in Comparative Example 1 . ^ ^ 

[0060] The coated papers were all calendered under the same conditions and then tested for printing properties 
Results from this series of trials are given in Table 3. » k . 

Table 3: 
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Examples 


Comp. 1 


1 


Comp. 2 


Undercoat Formulation 


1 


1 




Topcoat Formulation 


7 






Web speed (m/min) 


900 


9O0 


900 


Undercoat Coatweight (g/m^) 


9.9 


10.2 




Topcoat Coatweight (g/m2) 


10,0 


1O.0 


19.9 


Single layer Application 


Yes 




Yes 


Mutti-layer Application 




Yes 
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Table 3: <contfnued) 



Examples 


Comp. 1 


1 


Como P 


Paper Gloss (%) 


53 


66 


67 


Ink Gloss - 0.8 g/m^ mk (%) 


73 


89 


86 


Ink Gloss - 1 .6 g/m2 ink {%) 


75 


94 


90 


Roughness (|inn) 


4.4 


1.7 


2.0 


IGT Dry Pick (cnn/s) 


91 


95 


80 


Ink Piling (No. of Passes) 


3 


5 


4 


Ink Mottling (Mottle Value) 


7.8 


6.4 


6.5 



[0061 ] The results in Table 3 show that the simultaneous multi-layer coated paper was superior in paper aloss ink 
gloss, roughness, dry pick resistance, ink piling and ink mottling compared toX paper that rieived^niiut^e 
sirjgle layer appl«ations of undercoat and topcoat. Moreover, the simultaneous multilayer coated^ape^w^ J^or 

Of TJ!ZJ"T"^^"' '"^ '^'^'^"''^ »° P^P^^ "'^^ « ingle-layer'^oatlng^f 20 

of the relatively more expensive topcoat. The sann« advantages would be expected for coating of papert^^,d 

Examples 2 and 3 

w!!Hi«nT! '^^*T'"^ "^^^'^^^ ^ lightv^eight-coated paper could be produced by simuitaneous multi-layer coating a 
wood-contaimng basepaper was coated in two trials such that the total coatweight applied was similar to t^atS^h 

lessexpensiveundercoatcoatweightanddecreaslingtherelativelymoreexpensivetopcoatcoatweightonc^^^^ 



30 Example 2: 
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woSLn^r.n?„TK 3 and topcoat Ftom,ulation 9 were applied simultaneously to a continuous web of 

wood^ntain ng basepaper such that each coating layer achieved a dry coatweight of e.5 + 0 1 g/m^ CoX:^Deed 
was 800 m/min. The coated paper was dried using similar drying conditions to those used7n ExCle 1 



Example 3: 



40 



L?n^'«„.h tho^K ^ F"nT,"lation 9 were applied simultaneously to wood-containinq base- 

paper such that the undercoat achieved a coatweight of 9.8 g/m^ and the topcoat achieved a coatweight 3 1 
Coating speed was again 800 m/min and the coated paper was dried as in Example 2 ^'^^'eignt or 3.3 g/mz. 
Coated papers from Example 2 and 3 were calendtered under the same conditions and then tested for orintino nr«„ 
erties. Results from this series of trials are given in Table 4. 



Table 4: 



Examples 


2 


3 


Undercoat Fornnulatlon 


3 


3 


Topcoat FomnUjatlon 


9 


9 


Web speed (m^ln) 


800 


800 


Undercoat Cosetweight (C|/m2) 


6.5 


9.8 


Topcoat Coatweight (g/im^) 


6.6 


3.3 


Single layer Application 






Multi-layer Appfjicatlon 


Yes 


Yes 


Paper Gloss (%) 


32 


26 



RN.Rnor:in- <FP ^oAOli'i'iA^ i ^ 
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Table 4: (continued) 



Examples 


2 


3 


Ink Gloss - 0.8 g/m2 ink (%) 


45 


35 


Ink Gloss - 1 .6 g/rr^ ink (%) 


56 


49 


Roughness {\im) 


4.2 


4.4 


IGT Dry Pick (cm/s) 


47 


58 


Ink Piling (No. of Passes) 


2 


3 


Ink Mottling (Mottle Value) 


6.6 


6.8 



[0065] The results in Table 4 compare favourably with paper quality produced by other processes and are considered 
eminently suitable for printing purposes. Moreover, Example 3 demonstrates that acceptable coated paper properties 
were achieved by applying only half of the relatively expensive topcoat fcrmulation applied in Trial Point 1 . The results 
further demonstrate that simultaneous multi-layer coating enables the ratio of undercoat to topcoat to be varied signif- 
icantly without Impacting on the speed at which the web is coated. Application of a 3.3 g/m^ coatwelght at 800 m/min, 
as demonstrated in Example 3. is ndt'^hievabte by single-layer ciatain coating. In addition to the above observations 
it was found that the simultaneous multi-layer process coukJ be run at more than twice the coating speed of other 
curtain coating processes. 



Example 4 and 5 

[0066] This was a repeat of Examples 2 and 3 but uswig woodftee basepaper and with a higher total coatwelght 
target such as is typically applied to double coated woodfree papers and to coated paperboards produced by conven- 
tional coating methods. The objective of this experiment was to detenrsme whether simultaneous multi-layer coating 
of a woodfree basepaper, in which a very low coatwelght of a relatively expensive topcoat is applied to a very high 
coatwelght of relatively less expensive undercoat, could produce acceptable paper properties for printing purposes: 

Example 4: 



[0067] Undercoat Fomnulation 3 and topcoat Fbmnulation 9 were applied simultaneously to woodfree basepaper 
such that the undercoat achieved a coatweight of 1 8.6 g/m^ ahd the topcoat achieved a coatwelght of 6.8 g/hi^. Coating 
speed was 400 m/min. 



Example 5: 

[0068] Undercoat Formulation 3 and topcoat Fomnulation 9 were applied simultaneously to woodfree basepaper 
such that the undercoat achieved a coatweight of 21 .7 g/mfi and thetopcoat achieved a coatweight of 3.5 g/m2. Coating 
speed was 400 m/min. 

[0069] Coated papers from Examples 4 and 5 were dried and calendered under similar conditions and then tested 
for printing properties. Results from this series of trials are given in Table 5. 



Table 5: 



Examples 


4 


5 


Undercoat Fomnulation 


3 


3 


Topcoat Fomnulation 


9 


9 


Web speed (m/min) 


400 


400 


Undercoat Coatwelght (g^m^) 


18.6 


21.7 


Topcoat Coatweight (gAn^) 


6.8 


3.5 


Single layer Application 






Multi-layer Application 


Yes 


Yes 


Paper Gloss (%) 


78 


75 



11 



10 



15 



20 



25 



30 



35 



40 



45 



50 
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Table 5: (continued) 



Examples 


4 


5 


Ink Gloss - 0.8 gAn2 ink (%) 


94 


90 


Ink Gloss - 1 .6 ink (%) 


95 


93 


Roughness (iim) 


1.2 


1.5 


IGT Dry Pick (cnn/s) 


71 


75 


Ink Piling (No. of Passes) 


9 


7 


Ink Mottling (Motile Value) 


6.1 


6,2 



10070] The results ioTable 5 compare favourably wMh paper quality produced by other Drocesses anH «r« ^«n.w ^ 
emmently suitable for printing purposes thus confirming the findings of Exampl^ 2^ aTn t^^^^^ 
mu^Hayer coating rr^ethod enables the applteation Of very ^ 

Exannples 6 and 7 and Comparative Example 3- 

Examples: 
Example 7: 

Comparative Example 3: 

Table 6: 



Examples 


6 


7 


Comp. 3 


Undercoat Formulation 


4 


4 


4 


Topcoat Formulation 


10 


10 


10 


Web speed (m/min) 


800 


800 


800 


Undercoat Coatweight (g/m^) 


4.0 


3.9 




Topcoat Coatweight (g/rr»2) 


10.1 


7.5 


10.1 


Single layer Application 






Yes 
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20 



Table 6: (continued) 



Exannples 


6 


7 




Multi-layer Application 


Yes 


Yes 




Paper Gloss (%) 


48 


45 


39 


Ink Gloss - 0.8 g/nn2 Ink (%) 


76 


72 


59 


Ink Gloss - 1 .6 g/m2 ink (%) 


82 


82 


66 


Roughness (jim) 


2.7 


2.7 


3.4 


IGT Dry Pick (cm/s) 


>110 


>110 


98 


Ink Piling (No. of Passes) 


10 


10 


6 


Cobb Value (g H^Oixrv^ 


10.9 


10.0 


46.4 



[0075J The results in Table 6 demonstrate the suitability of the sinnultaneous multi-layer coating method for apDlvina 
non-pigmented functional coatings to paper, such as a barrier coating, that would othenwise be unable to be aoDlied 
by conventional coating methods or by consecutive single-layer curtain coating methods. The results cleao-ly show that 
the application of the tacky undercoat significantly improved the overall strength of the coated paper, as cneasured bv 

Ih VIk ° '"^^ ^"'^ significantly decreased the water absorptiveness of the coated paper, as nieasured by 
tne Cobb test. 
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Examples 8 and 9 

[0076] It Is hypothesised that the reduction in paper and ink gloss observed as topcoat coatweight is resduced could 
be compensated for by the optimisation of the topcoat pigment composition. To test this hypothesis, an exDeriment 
was conducted in which an undercoat fomiulatlon was topcoated with a very light, high-glossing topcoat fon^ulation 
The coatweight of the topcoat was significantly lowerthan that which can be achieved by conventfonal blacte and sinale- 
layer curtain coating methods at the coating speed used. ^ 

Example 8: 

[00771 Undercoat Formulation 5 and topcoat Formulation 1 1 were applied simultaneously to wood-comiaininq base- 
paper such that the undercoat achieved a coatweight of 10.0 g/m^ and the topcoat achieved a coatwelgr«t of 1 4 a/m2 
Coating speed was 800 nrVmin. ^ ^ * 

Example 9: 

[0078] Undercoat Formulation 5 and topcoat Formulation 1 1 were applied simultaneously to wood-conteinina base- 
paper such that the undercoat achieved a coatweight of 1 0.0 g/m2 and the topcoat achieved a coatweiqhtt of 0 7 a/m2 
Coating speed was 800 m/min. g/m . 

w I? f ^""^^^"^ Z^^^Z ^""^""^'^ ® ^""^ ^ ""^'^ ''"^^ calendered under similar conditions ancd then tested 
for pnnting properties. Results from this series of trials are given in Table 7. 

Table 7: 
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Examples 


8 


9 


Undercoat Fonmulatlon 


5 


5 


Topcoat Fomnulation 


11 


11 


Web speed (m/min) 


800 


800 


Undercoat Coatweight (g/m2) 


10.0 


10.0 


Topcoat Coatweight (g/m2) 


1.4 


0.7 


Single layer Application 






Multi-layer Application 


Yes 


Yes 
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Table 7: (continued) 



Examples 


p 


9 


Paper Gloss (%) 


73 


70 


Ink Gloss - 0.8 g/m^ ink (%) 


83 


86 


Ink Gloss - 1.6 g/m2 ink (%) 


89 


90 


Roughness (jim) 


45 


39 


IGT Dry Pick (cm/s) 


71 


75 


Ink Piling (No. of Passes) 


2 


2 


Ink Mottling (Mottle Value) 


6.6 


7.4 



(00801 The results from this experiment show that the application of an ultra-low coatweiaht of a hiah-alossinn . 
by the s.mu.taneous multi-layer coating method can minimise the previously otse^a^l^^t^or^^' 

desL^d^'orin' °" ^P^""^^'^' « ^oP'^oa* ^-tweight of less than 1 g^a be a^^^^e'^TacTve^^ 

desired coated paper properties. Conventional obating methods and single-layer curtain coatinaTe un^S^^r«„ . 
such low coatweights at such high speeds. The same advantages would be ex'pectStr^Sg orp^oa^"^ ' 

Claims 

1 . A method of manufacturing multi-layer coated papers and paperboards, but excludii>g photoqraohic r>«n.r, ^ > 
pressure sensitive copying papers, that ara especially suitable for printing packaS ^nd Sn,^ ,>'^ 

which at least two coating liquids selected from aqueous emulsions or suspenstnsZ fo^S^^^^ Purposes^n 
free-falllng curtain and a pontinuous web of basejaper or baseboard i/^St^ ^h t^ X^Tc^^tl^Tirq^^: 

2. The nnethod of claim 1 , wherein 

at least one of the coating liquids fomning the composite free falling curtain comprises a binder. 

3. The method of any of the preceding claims, wherein 

at least one of the coating liquids forming the composite free failing curtain is pigmented. 

4. The method of any of the preceding claims, wherein 

the viscosity of the coating liquid fomiing the uppemiost layer is higher than 20 cps at 2S»C. 

5. The method of claim 4, wherein 

the viscosity of the coating liquid forming the uppemiost layer is higher than 200 cps at 25-C. 

6. The method of any of the preceding claims, wherein 

t^he vi^^osity of the coating liquid fom,ing the layer contacting the basepaper or baseboard is higher than 200 . 



7. The method of any of the preceding claims, wherein 

8. The method of any of the preceding claims, wherein 

the coating weight based on the diy coating of the uppermost laver is 0 1 - n/m2 »o,^ tK^ ^ 

on the dry coating of the layer contacting tSe basep^er or baLXard il 0.1 30 ""^'^ 

9. The method of any of the preceding claims, wherein 

the coating weight based on the dry coating of the uppermost layer Is lower than the onatinA «,oi«ht k ^ ^ 
dry coating of the layer contacting the basepaper orTaseboard ^ "^^^ °" 

10. The method of claim 8, wherein 

the coating weight based on the dry coating of the uppemiost layer is less than 750/0. preferably less than 50% cf 
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the coating weight based on the dry coating of the layer contacting the basepaper or baseboanS. 

11. The method of any of the preceding claims, wherein 

the coating liquid forming the uppermost layer comprises a glossing fonnulation comprising as least one gloss 
additive selected from synthetic polymer pigments and gloss varnishes. 

12. The method of any of claims 3-10, wherein 

the pigment is selected from clay, kaolin, talc, calcium carbonate, titanium dioxide, satin white, synthetic polymer 
pigment, zinc oxide, barium sulphate, gypsum, silica, alumina trihydrale, mica, diatomaceous earth. 

13. The method of any of the preceding claims, wherein 

the binder is selected from styrene-butadiene latex, styrene-acrylate latex, styrene-butadiene-acrylonltrile latex 
styrene-maleic anhydride latex, styrene-acrylate-maleic anhydride latex, polysaccharides, proteins polyvinyl pvr' 
rohdone. polyvinyl alcohol, polyvinyl acetate, cellulose and cellulose derivatives 

14. The method of any of the preceding claims, wherein 

at least one of the coating layers Impart functionality selected from priniabillty properties, barrier properties optical 
properties, release properties, adhesive propertied and the like. 

15. The method of claim 14, wherein 

the coating liquid forming the coating layer that Imparts functionality comprises one or more components selected 
from a polymer of ethylene acrylic acid, a polyethylene, a polyurethane. a polyester, other polyotefins and the like 
a styrene butadiene latex, a styrene acrylate latex, a starch, a protein and the like, a styrene-aopyllc co-polymer' 
a styrene maleic anhydride, a polyvinyl alcohol, a polyvinyl acetate, a carboxymethyl cellulose and the like a 
silicone, a wax and microcapsules . ' 

16. Paper or paperboard having at least two coating layers obtainable by a method according to any of claims 1-15, 
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04- 02- 
27-09- 

05- 03- 
25-02- 



1974 
1975 
1969 
1972 
1969 
1972 
1970 
1972 
1973 
1974 
1969 
1974 
1973 
1974 
1975 



10-09- 
13-U- 
13-11- 
31-03- 
31-03- 
18-12- 
27-12- 
16-02- 
01-07- 
13-02- 



1974 
•1969 
1969 
1972 
1972 
1969 
1972 
1972 
1971 
1970 
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JP 
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NL 
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Patent family 
memt)er(s) 
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A 
A 



2010052 A5 
1276144 A 
1276381 
3?,2S3 
32272 
53031005 B 
49035447 B 
49024133 B 

6908441 A 

6908442 A 
364124 B 
363907 B 
39D154 A3 
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01-06- 
01-06- 
31-05- 
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30-08- 
21-09- 
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05-12- 
11-02- 

04- 02- 
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1974 
1973 
1973 
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